



IFA AGRICULTURE CONFERENCE 
Optimizing Resource Use Efficiency  
for Sustainable Intensification of Agriculture 
 
Kunming, China 






IMPORTANCE OF MICRONUTRIENTS IN 


























IFA AGRICULTURE CONFERENCE 
Kunming, China – 27 February – 2 March 2006 
Optimizing Resource Use Efficiency for Sustainable Intensification of Agriculture 
 
“Importance of Micronutrients in Sustaining Crop Nutrition ” 
Bernard Dell 1 Richard W. Bell 1 and Longbin Huang 2 
1 Division of Science and Engineering, Murdoch University, Australia  





The importance of micronutrients in sustainable crop production is usually linked to the focus 
on high yields and increased cropping intensity on existing arable lands for feeding the ever-
increasing world population.  However, micronutrient exports from cropping systems have 
often been neglected, while fertiliser strategies for high yields are largely based on NPK, 
particularly in developing countries.  Land degradation such as organic matter loss and soil 
acidification has added another layer of complexity of managing micronutrients in cropping 
systems.  Micronutrient fertilizer strategies must embrace changes in farming systems and 
land uses, including the shifts to no-till and water-saving rice production.  In addition to 
effects of soil organic matter and soil acidification, micronutrient availability in the rooting 
zone is likely to be further influenced by erratic rainfall patterns and drought associated with 
climate change in the future. Solutions to these challenges will lie with well-designed 
agronomic measures such as regular replenishment of micronutrients through fertiliser inputs 
and crop residue management.  Breeding traits of micronutrient efficiencies (including uptake 
and utilisation) into high yielding varieties of existing crops may be one of the long-term 
options for not only minimising crop failures, but enhancing crop quality such as micronutrient 
density in grain/seeds which are staple foods of populations who mainly consume plant-
based food.   
INTRODUCTION 
In the decade when attention is being directed towards improving the micronutrient density of 
staple foods, deficiencies in crops in the field continue to be reported and much remains to 
be done to ensure that micronutrient supply is not limiting crop yield.  Recently, B deficiency 
has been shown to be limiting for rice yield and grain quality on calcareous soils in the 
Punjab region of India (Rashid et al. 2004).  According to Stewart et al. (2005), at least 30-
50% of crop yield is attributable to commercial fertilizer (N,P,K) inputs.  Without micronutrient 
budget information such as those discussed by Yamada (2004) for soils, crops and fertilizers 
in Brazil, it is presently not possible to estimate the overall dependency of crop yield on 
micronutrients.  Nevertheless, the extent of world soils that are low in micronutrients, 
especially Zn (Alloway 2004), Fe and B (Shorrocks 1987), suggests that micronutrients will 
continue to depress yield potentials in some areas unless they are managed for sustainable 
crop production.  Alloway (2004) concludes that “it is highly probable that there are several 
million hectares of paddy rice which could benefit from zinc fertilization”.   
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Given that rice yields in 70 countries in 1998 were below the world average (Sauerborn 
2002), improvement in yields in the future through economic application of macronutrient 
fertilizers is likely to be constrained by induced micronutrient deficiencies in nutrient-poor 
soils.  As White and Zasoski (1999) point out, we require more inventory of soil micronutrient 
status spatially within the landscape to underpin micronutrient management.  At a time when 
the research effort on micronutrient requirements of crops is dwindling in some crop growing 
regions of the world, the demand for micronutrients for crop growth continues to rise.  
Factors fuelling this demand include increased removal in crop harvest, increased crop yields 
as a result of application of macronutrient fertilizers especially nitrogen, changes in 
agricultural practices and land expansion.  This paper considers some of the current 
challenges in micronutrient management for sustainable crop production.  This subject was 
last reviewed by Fageria et al. (2002).  Whilst emphasis is placed on cereals because the 
majority of the world’s population depends on them for its staple food, examples of industrial 
fibre crops are included.  Hartemink (2004) highlighted some of the soil fertility decline issues 
for plantations in the tropics.  Most attention is given to the Australasian and Asian regions 
where we have practical experience.  However, it should be noted that projected increases in 
cereal yield are likely to be higher in Africa and South America than in Asia in the next two 
decades and that fertilizer use remains low in Africa (Holmén 2005) in spite of the incidence 
of soil infertility. 
LAND DEGRADATION 
Loss of soil fertility remains a major concern in many parts of the world with losses ranging 
from 0.1 to 35 mm of topsoil per year.  There is often a close relationship between DPTA 
extractable micronutrients (Cu, Mn, Zn) and organic carbon content of soils (Sharma et al. 
2004).  Further, micronutrient cycling in soils is closely associated with organic matter 
turnover and crop residue management is important for maintaining the micronutrient 
balance of soils (Mythili et al. 2003).  Adoption of conservation tillage and no-till has the 
potential to not only reduce erosion but also to sequester carbon (Lal 2002) and to increase 
nutrient cycling through biological activity.  In 2003/4 ca. 90 m hectares were under no-till, 
mostly in North America, Brazil, Argentina and Australia (Derpsch and Benites 2004).  No-till 
is rapidly being adopted on the Indo-Gangetic Plain (IGP).  After just 4 years of no-till, Malik 
et al. (2004) was able to measure an increase in soil carbon (mean 44% increase, range 0-
104%) at six IGP sites.  In the only study to date investigating vertical distribution of organic 
matter and micronutrients in relation to no-till and tillage practices, Teixeria (2003) showed 
that no-till reduced the homogeneity of micronutrients presumably due to the greater 
concentration of organic matter near the surface.  It remains to be determined whether no-till 
will alter the residual effect of micronutrient fertilization. 
Increasing soil acidity is a problem for farmers in many cereal production areas of the world.  
About 30% of topsoils of the world are acidic of which 75% also have subsoil limitations 
(Sumner and Noble 2003).  In Western Australia, for example, soil pH continues to decline in 
parts of the grain cropping belt due to past cropping practices (wheat-legume pasture ley 
rotations in combination with fallow breaks) and the use of ammonium-N fertilizer.  The 
addition of lime to ameliorate soil acidity induces Zn deficiency in wheat and reduces yield on 
sandy soils (Brennan et al. 2005).  This occurs on soils where Zn has previously been 
applied in fertilizer.  Some 45% of the 18 m hectares of land cleared for spring wheat 
cropping in the region was deficient in Zn (Gartrell and Glencross 1968) and Zn is 
recommended to be re-applied every 10-15 years (Brennan 2001).   
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Experiments by Brennan et al. (2005) indicate that liming shortens the residual effectiveness 
of Zn fertilizer.  They recommend soil and plant testing for micronutrients or the routine 
application of Zn, Mn and Cu as a precaution when soils are limed.  Similar problems have 
been encountered in pasture in high rainfall areas of south-western Australia (Bolland et al. 
2004). 
INTENSIVE CROPPING AND HIGH YIELDS 
Crop demand for micronutrients will increase as crop yields increase.  Whilst the current rate 
of yield increase is not as great as during the Green Revolution, moderate increases due to 
adjustments in agronomy as well as introduction of new cultivars are evident.  In Vietnam, for 
example, rice yields per unit area increased in the Mekong Delta and the whole country by 
28 and 57%, respectively (Bo et al. 2003). According to USDA-NASS data, corn yields in the 
USA rose about 15% over the past decade.  For sustainable agriculture, consideration must 
be given to the impact on soil fertility of removal of micronutrients off-farm (Table 1). 
 




 in grain (mg.kg-1 dwt)* 
Estimated micronutrient 
 removal (g.ha-1) 
  Cu Zn Cu Zn 
Triticum aestivum Yield 3 – 5 tons.ha-1 @ 
  1.2 – 8.6 8.0 - 46 4 - 43 24 - 230 
Oryza sativa brown (husk removed) Yield 7 – 9 tons.ha-1 # 
  1 - 13 6 - 28 7 - 117 42 - 252 
* Range taken from Rengel et al. (1999); @ the data is the yield range in China, courtesy of 
Dr Zhao Bingqiang, Chinese Academy of Agricultural Research; # Rice yield range is cited 
from Peng et al. (2004). 
 
As seen above, off-farm removal of micronutrients can be high in intensive rice-wheat 
cropping systems due to high yields.  Flooding is well-known to reduce the pools of available 
Zn and Cu in lowland soils and to increase the levels of Fe and Mn (Kirk 2004).  Zinc 
deficiency remains a serious problem in many rice growing areas, particularly in India (Mythili 
et al. 2003) where concerted efforts are being made to apply corrective zinc sulfate fertilizer.  
Whether changes in agronomic practices towards water-saving or aerobic rice production will 
lessen the incidence of micronutrient constraints on yield remain to be examined.  The recent 
work of Lu et al. (2004) highlights the complexity of nutrient supply and availability for 
successive crops in a rice-wheat rotation in China.  Whereas there was adequate Mn for 
paddy rice, the following wheat crop experienced Mn deficiency.  These workers contributed 
the deficiency in wheat to loss of Mn due to leaching in coarse-textured soils with high pH 
and excessive Mn uptake by the previous rice crop in clay-textured, acid soils.  Lu and his 
co-workers conclude that proper management of subsoils that favours root growth could 
mitigate Mn deficiency in wheat in the rice-wheat rotation. 
Root penetration of subsoils is vital to allow access to stored water especially late in the 
growing season in regions prone to drought or with a Mediterranean climate.  In Western 
Australia, for example, water use by wheat up to anthesis can be met primarily by rainfall 
whereas post-anthesis water use is met largely by stored water in subsoils (Gregory et al. 
1992).  Surprisingly we know little about how the micronutrient demand for root growth and 
maintenance is met when roots penetrate into infertile soil horizons. 
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It is well known that withdrawal of an external supply of B to roots of plants unable to 
transport B in the phloem results in impaired root function within a few hours (Dell and Huang 
1997). Much less is known about the other micronutrients. Using a split-root system, wheat 
plants were grown in a complete nutrient solution (ALL) and then half of the root system was 




Figure 1. Effect of withdrawing Mn (A) or Cu (B) from one half of the root system of wheat 
grown hydroponically in a complete nutrient solution on emergence of lateral roots. Plants 
were grown in complete nutrient solution up to the day of transfer (Day 0). Unpublished data 
of A.J. Webb and B. Dell. 
 
After 15 (ALL-Mn) and 25 (ALL-Cu) days, lateral root initiation was significantly reduced. This 
indicated that the rate of internal redistribution of Mn or Cu to roots was inadequate to 
sustain root development. Whether redistribution can occur from roots in micronutrient 
enriched near-surface soil horizons to roots deeper in the profile is yet to be studied. We also 
do not know the extent to which retranslocation to roots is likely to be impaired under 
conditions where micronutrients become limiting for vegetative or reproductive growth. 
Wheat that is mildly Cu-deficient retains Cu in its older leaves longer than in plants with 
adequate Cu supply (Hill et al. 1979) and this will limit Cu loading for export to root tips. No 
such restriction was observed in the case of retranslocation of foliar-applied Zn to roots of 
wheat seedlings (Haslett et al. 2001). Further knowledge of micronutrient supply and root 
growth in situ in infertile soils would assist in determining the best strategy for resupplying 
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CHANGING LAND USE 
Micronutrient fertilizer practices that have successfully alleviated crop disorders may need to 
be revisited with changes in land use.  This has been particularly evident in the Indo-
Gangetic Plains where the shift from a rice or wheat monoculture with low yielding, long 
duration indigenous varieties, to an intensive rice-wheat rotation cropping system with short 
duration high yielding varieties has aggravated soil micronutrient deficiencies (Nayyar et al. 
2001, Gupta 2005).  Another example is in south-western Australia, where ca. 200,000 ha of 
agricultural land have recently been turned over from annual pasture and crop production to 
plantations of fast-growing Eucalyptus globulus (bluegum).   
Although soil residual values for Cu are adequate for farming following application of Cu 
fertilizers over the past three decades, Cu deficiency has emerged as a serious problem 
leading to poor bole form and reduced tree growth (Dell et al. 2003).  The establishment of a 
foliar monitoring program, using standard concentration ranges defined by Dell et al. (2001), 
was successful in identifying compartments that were deficient in Cu, and to a lesser extend 

























Figure 2. Incidence (a) of micronutrient deficiency (% of all plantations sampled) in bluegum 
plantations in south-western Australia was reduced after 2 years (b) by establishing a foliar 
nutrient monitoring program for micronutrients, and corrective treatments of Cu (1-4 kg Cu 
ha-1). (B. Dell et al. unpublished data) 
 
Corrective micronutrient treatments (by ground and by air) significantly improved the health 
and vigour of trees.  In most cases, there was no or little response to NPK fertilizer at 
planting and Cu was the primary nutrient limiting establishment.  Preliminary work suggests 
that Cu may be less available to bluegum than to annual crop/pasture species due to the 
main growth flush occurring in summer when root activity in the 0-15 cm soil horizon is 

























Furthermore, bluegum produces more biomass than the crops it replaces.  Not only does this 
place a greater demand on soil Cu pools, but compared to wheat there is greater export of 
Cu in wood (25-30 g Cu ha -1y-1) than in grain (3.5 – 7.0 g Cu Ha -1y-1).  This example 
highlights the need for more research on the management of micronutrients in many 
industrial plantations. 
The recent increase in harvested area in developing countries is projected to continue into 
the future requiring a total of 120 m hectares of new cropping land by 2030 (Alexandratos 
2005).  The vast majority of this land is in sub-Saharan Africa and Latin America 
(Alexandratos 1995).  We are familiar with severe micronutrient deficiencies that result from 
clearing primary and secondary forests in many upland areas in Asia, and no doubt similar 
issues will occur elsewhere due to infertile soils and loss of soil fertility.  Examples include B 
deficiency after clearing in parts of Sumatra, Mindanao, Hainan and Yunnan, Fe deficiency in 
west Sumatra and central Thailand, Zn deficiency in south China, and Cu deficiency in 
Indonesia.  When shrubland was cleared for bluegum plantations near Chuxiong (west of 
Kunming), in the mid 1990s, B deficiency was so severe that trees grew horizontally (Figure 
3).  No doubt, a concerted effort will be required if yield potentials are to be achieved and 
sustained on such sites in the future.  Farmers will need assistance in identifying limiting 
micronutrients and in embracing the economic benefits of strategic fertilizer application.  On 
lower slopes than that shown in Figure 3, farmers are using fertilizer B for their tobacco crops 






Figure 3. After clearing secondary pine 
 and oak forest (background) near  
Chuxiong in Yunnan Province, China and  
planting bluegum, severe B deficiency  
caused dwarf bushes (foreground)  
whereas trees supplied with 0.6 g B per 









Since B is the main micronutrient limiting growth of crops in Yunnan, it is apt to briefly 
address the issue of maintaining soil nutrient supply for the whole crop cycle.  Again, taking 
the bluegum example, many farmers are reluctant to add B and where they do it is likely to 
be a single application at planting.  Our study showed that the healthy trees in Figure 3 
became B-deficient after one year.  High rates of B (ca. 5 kg B ha-1) were just adequate to 
prevent the onset of B deficiency after 4 years but caused toxicity in young trees in the first 
year.  Annual applications of small amounts of B would meet the internal demand for growth 
but are impractical in forestry.  Alternatively, applying slow-release B fertilizer if it were 
available, breeding B-efficient trees and improving the retention of B in the soil are strategies 
for consideration. 
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DISTINGUISHING NUTRIENT DISORDERS FROM CLIMATE CONSTRAINTS 
In rainfed rice-wheat rotation areas in Yunnan, losses in wheat yield can also occur due to 
non-nutritional stresses such as low temperature, low light intensity and high humidity at 
flowering.  Male sterility is likely to be exacerbated as modern wheat cultivars are pushed to 
higher elevations or the incidence of extreme weather conditions increase with climate 
change.  The field symptoms of these climatic stresses are indistinguishable from sterility 
caused by low soil B or interruption in the B supply at critical stages of flowering, such as can 
occur with the drying of surface soil.  The critical stage of pollen development in wheat may 
be as short as 3 days when the ear is retained in the flag leaf sheath.  Hence short 
interruptions in the supply of B to roots, such as could occur with transient soil drying, may 
impact on grain yield.  As mentioned earlier, modern wheat lines tend to be B inefficient.  The 
early indications are that B-efficient wheat cultivars require similar amounts of B in the shoot 
as B-inefficient cultivars but they may be more effective in transporting B into the flowers 
during critical stages of flower development (Nachiangmai 2004, Figure 4).  Clearly, 
distinguishing B deficiency in the field from temporary constraints of climate is vital so that 
appropriate advice can be given to farmers.  The conclusion by Kataki et al. (2001) that B 
deficiency may be as important as Fe and Mn deficiency on the Indo-Gangetic Plains 




Figure 4.  Boron efficiency in wheat.  A. The B-efficient wheat Fang 60 (upper graph) is better 
able to maintain grain set at lower external B supply (0 and 0.1 µM B) than the moderately B-
inefficient SW41 (middle graph) or B-inefficient Bonza (lower graph).  Grain set index is 
defined as the % of grain bearing florets in the two basal florets of ten central spikelets.  B. 
Fang 60 is better able to distribute B into the ear at low B supply than SW41 or Bonza.  Data 
from Nachiangmai (2004). 
CLIMATE CHANGE 
Rising atmospheric CO2, global warming, changes in rainfall distribution and intensity, and 
increased incidence and severity of extreme weather events are all factors that can impact 
on future crop production trends.  In Australia, for example, climate change models predict 
negative and positive impacts on cereal producing areas depending on location (Howden 
and Jones 2005).  Climate change might already be affecting yields as modelling suggests 
that much of the 25% increase in wheat yields in the Northwest states of Mexico in recent 
decades can be attributed to cooling of night-time temperatures during the growing season 



















































By contrast, Lin et al. (2005) concluded that cereal yields (rice, maize and wheat) in China 
over the next 20-80 years would decline due to temperature increases alone.  Increased 
night-time temperatures may already be depressing rice yields (Peng et al. 2004).  It seems 
likely that agriculture in many parts of the world, including Mediterranean-type climate as well 
as the humid tropics, is vulnerable to rapid climate change and climate variability (Kokic et al. 
2005, Zhao et al. 2005).  Whether crops such as rice can benefit from rising atmospheric 
CO2 will depend on whether air temperatures exceed optimum levels for photosynthesis and 
whether the land can provide adequate water and nutrients to sustain crop yields.  So far, 
there has been little debate about nutrient stress in future climate scenarios.  Huang et al. 
(2005) suggest that lowered root zone temperatures may increase the B requirements of 
plants of tropical/subtropical origins.  Lynch and St. Clair (2004) are the first to point out that 
“an integration of quantitative genetics with mechanistic and conceptual models of plant 
response to mineral stresses is needed if we are to understand plant response to global 
change in real-world soils.”  It is therefore premature to speculate widely on whether climate 
change may alter crop demand for micronutrients or the capacity of soils to supply 
micronutrients to roots.  Rather, our effort should be directed to better managing the existing 
micronutrient problems covered elsewhere in this presentation and the more predictable 
changes in nutrient demand as a result of the likely advances in breeding of micronutrient-
dense staple foods. 
FOOD QUALITY 
Micronutrient deficiencies affect many hundreds of millions of people (Welch and Graham 
1999, Kennedy et al. 2002) around the world.  Micronutrient-dense staple food crops provide 
the potential to reduce these public health problems.  Recently an international program 
(HarvestPlus – www.harvestplus.org) was established to develop micronutrient-dense staple 
food crops using traditional plant breeding methods.  The approach involves selecting 
phenotypes characterized by greater uptake of micronutrients from soil plus enhanced 
capacity for micronutrients to be retranslocated into seed during grain filling (Graham et al. 
1999).  In some cases it has been possible to increase the Zn density of grain by multiple 
foliar sprays during reproductive growth.  In addition to their improved nutritional quality for 
human health, micronutrient enriched seeds can increase crop yields when sown into 
micronutrient-poor soils (Welch and Graham 2004).  The use of transgenic strategies to 
increase the bioavailability of Fe and Zn in plants is reviewed by White and Broadley (2005).  
Clearly, the micronutrient requirements of biofortified crops is an important research area for 
the future. 
NUTRIENT EFFICIENCY 
One approach to managing crop production on soils low in micronutrients is to select for 
nutrient-efficient genotypes in breeding programs.  According to Huang and Graham (2001), 
“The lack of compelling arguments for breeding micronutrient efficiency traits is the reason 
that little effort has until now been made deliberately to adapt crop plants to micronutrient-
deficient soils.”  However, there has been considerable progress recently in selecting Zn-
efficient wheat genotypes and their application in the field (see I. Cakmak, these 
proceedings).  Nutrient efficiency of a genotype refers to the ability to produce a high yield in 
a soil that is limiting in that nutrient for a standard genotype (Huang and Graham 2001).  
Furthermore, synthetic hexaploid wheats derived from crosses between durum (Triticum 
aestivum durum) and diploid (T. tauschii) wheat have been shown to have greater Zn 
efficiency than the modern Zn-efficient wheat genotypes and this suggests they can be used 
to improve current levels of Zn efficiency in modern wheat genotypes (Genc and McDonald 
2004).   
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The Zn-efficiency mechanisms are still being elucidated and probably involve enhanced 
acquisition from poorly accessible soil pools, increased uptake, transport and utilization of 
Zn.  Importantly, the use of Zn-efficient genotypes does not negate the need for the long-
term management of soil Zn fertility as, so far, Zn-efficient and Zn-inefficient genotypes have 
similar Zn concentrations in their shoots for optimum growth.  That some Zn-efficient 
genotypes may have higher grain Zn contents highlights the need to ensure that Zn exports 
are replaced by fertilizer Zn inputs. 
By contrast to Zn, work on B has shown that the international germplasm from CIMMYT, on 
which most developing countries depend for their new wheat cultivars, is largely B inefficient 
(Rerkasem et al. 2004).  These workers also state that wheat production on low B soils 
should benefit greatly from increasing B efficiency in internationally important germplasm 
(Rerkasem and Jamjod 2004).  Increasing B efficiency is feasible as a few B-efficient 
advanced breeding lines have already been identified and B efficiency is under the control of 
major genes (Rerkasem and Jamjod 2004).  Similar work is progressing on canola in China. 
Breeding traits of high nutrient efficiency into current major crops may offer long-term 
effective options for minimising yield/quality losses from micronutrient constraints. 
CONCLUDING REMARKS 
1. Crop requirements for micronutrients are relatively small, but qualitatively 
micronutrient deficiencies greatly limit the effectiveness of macronutrients. 
2. Land management that reverses soil degradation and ameliorates unfavourable soil 
pH must embrace issues of sustainable micronutrient supply for crop growth.  This 
applies not only to food crops but also to industrial tree plantations. 
3. Crop demand for micronutrients will increase due to higher yields, high total output 
per unit land, greater export off-farm and the introduction of micronutrient-dense 
cultivars. 
4. Micronutrient requirements for new crops, especially woody crops, are poorly 
documented and research is required to support micronutrient fertilization programs. 
5. As micronutrients continue to limit yields in many parts of the world, sustained effort is 
required by extension personnel to bring micronutrients to the farmer’s attention.  
There is a need to strengthen local knowledge of micronutrients in many cropping 
systems.  
6. Micronutrient efficiency breeding strategies need to be incorporated in high yield 
selection programs.  In remote regions of developing countries, breeding for 
micronutrient efficiency may be the most effective solution for stable and reliable 
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